Abstract. The unparalleled photometric data obtained by NASA's Kepler Space Telescope has led to an improved understanding of stellar structure and evolution -in particular for solar-like oscillators in this context. Binary stars are fascinating objects. Because they were formed together, binary systems provide a set of two stars with very well constrained parameters. Those can be used to study properties and physical processes, such as the stellar rotation, dynamics and rotational mixing of elements and allows us to learn from the differences we find between the two components. In this work, we discussed a detailed study of the binary system KIC 9163796, discovered through Kepler photometry. The ground-based follow-up spectroscopy showed that this system is a double-lined spectroscopic binary, with a mass ratio close to unity. However, the fundamental parameters of the components of this system as well as their lithium abundances differ substantially. Kepler photometry of this system allows to perform a detailed seismic analysis as well as to derive the orbital period and the surface rotation rate of the primary component of the system. Indications of the seismic signature of the secondary are found. The differing parameters are best explained with both components located in the early and the late phase of the first dredge up at the bottom of the red-giant branch. Observed lithium abundances in both components are in good agreement with prediction of stellar models including rotational mixing. By combining observations and theory, a comprehensive picture of the system can be drawn.
Introduction
Asteroseismology is a powerful tool to study stellar structure and dynamics as well as their evolution [1] . The NASA Kepler mission [2] delivered unprecedented, highprecision photometric data, enabling us to perform detailed asteroseismic analysis for thousands of stars [e.g. [3] [4] [5] [6] [7] . Seismology provides important inferences on the internal structure of stars such as the evolutionary state [e.g. [8] [9] [10] [11] , stellar rotation [e.g. [12] [13] [14] [15] [16] [17] , or the characterisation of members of open clusters [18] [19] [20] [21] . Also distances can be estimated through asteroseismology [e.g. 22] and now can be compared to distances from trigonometric parallaxes, provided by GAIA [e.g. 23] . Such wealth of information allows us to put strong constraints on the interpretation of observations of stars and view the star in a wider context. Asteroseismology unfolds its full potential of precision when combined with fundamental parameter from spectroscopy. This allows an accurate determination of the mass and radius of the star [7, 24] . A particular treasure trove for stellar astrophysics are oscillating stars in binary systems. For such stars we have the unique possibility to constrain radius and mass with two different independent methods [e.g. 26, 27] . Indeed, comparing masses from binary solutions and stars in cluster, evidence was found that the seismic scaling relations [e.g . 7] are systematically overestimating the stellar mass by about 15% [21, 25] .
Binary systems are rewarding to study, since many parameters are well constrained (e.g. mass, radius, metallicity). Unless a binary system was created through a rare event of capturing, both components were born together, they have the same age and metallicity. For stars in binary systems, the only differences between the two components are the difference in mass and eventually from the surface rotation if the system is synchronised. The difference in mass then translates into different speeds of stellar evolution [e.g. 28] . In case of a double-lined spectroscopic binary system (SP2), this parameters can precisely be determined from the ratio of the radial velocity amplitudes, even for unknown inclinations [26] . As we will demon- strate later in this proceedings paper, the SB2 feature, actually allows to measure mass ratio between the two components with an accuracy of about 1%. Using SB2 thus allows a model independent approach. If one or both components show stellar oscillations, seismic techniques can be applied to further study the stellar structure of the oscillating component in detail. With such a well constrained set of parameters, one can draw a comprehensive picture of the full system and its components.
By now about 3000 stars, i.e. ∼1.3% of all stars observed by Kepler, are found to be binaries [29, and references therein] . About 40 systems with an oscillating redgiant component are known and characterised whereby some studies focused on the eclipsing systems [30, 31] , while another presented a catalogue of red giants in binary systems with tidally induced flux modulation [32] . A set of additional candidates of red giants in binaries was proposed by [33] . Finally, binaries with solar-like oscillators on the main-sequence were found [e.g. [34] [35] [36] .
Several binaries with a red-giant component have been analysed in detail using Kepler photometry and ground-based spectroscopy: KIC 8410637 [27, 37, 38] , KIC 5006817 [32] , KIC 9246715 [39] , KIC 5640750 [38] , and KIC 9540226 [38] . With this work, we added KIC 9163796 [40] (also nicknamed Asterix & Obelix) to the sample of well studied binary systems.
In this paper, we first discuss in Section 2 the different types of observational features that can be used to detect binaries and highlight the benefit of ground-based spectroscopy. The Kepler photometry and Hermes spectroscopy of the system of KIC 9163796 is described in detail in Section 3. The seismology of the primary and secondary component of KIC 9163796 are discussed in Section 4. The indicators of stellar activity are described in Section 5 and the measured and predicted abundances of lithium are compared in Section 6. The findings are summarised in Section 7.
Observations of Binaries

Kepler photometry
Given the unprecedented quality of the photometric data provided by the Kepler space mission, binaries can be detected by searching for four different features. First, there are the classical eclipsing binary systems, which can be detected through the periodic eclipses. A second class of binaries are the ellipsoidal variables, in which the flux modulation originates from tidal interaction [e.g. [41] [42] [43] . A special case of these ellipsoidal variables are the eccentric cases, in which the flux modulation only occurs during the periastron passage. This leads to a periodic modulation of the observed object brightness. The characteristic shape of the light curve at periastron triggered the colloquial but controversial nick name of 'heartbeat stars'. This term, coined by [43] , was debated during this conference. Physically, eccentric eclipsing binaries and heartbeat stars are the same and thanks to the photometric quality of Kepler even combinations of eclipses and heartbeat events are found [e.g. KIC 2697935, KIC 9540226, KIC 10614012; in 32, 44, see also Figure 1 ]. The only difference between the two sets is that eclipses allow a better determination of the inclination, though are restricted to a very narrow degree ranges, while ellipsoidal variables can be found at nearly all inclination. Therefore, separating heartbeat stars from eclipsing binaries is unpractical and unnecessarily narrowing down sample sizes. The third and fourth way of detecting binaries are not found in the light curves, but in the Fourier space. On one hand, it was shown that oscillating stars in binaries can be identified from the phase modulation of coherent modes [45, 85] . However, the stochastic nature of solar-like oscillations and the granulation background make this approach impracticable for solar-like and red-giant stars. Still binaries can be detected from the oscillation spectrum, if both components are visible. These seismic binaries (hereafter in analogy to the double-lined spectroscopic binaries, SB2, also referred to as PB2), however can only be found in a very narrow mass range and have smaller amplitudes due to photometric dilution [47, 48] .
On the other hand, an additional phenomenon that in principle is present in binaries is the so-called Doppler beaming [49, 50] . This effect originates from the varying radial velocity in the binary, periodically shifting the stars' spectral energy distribution with respect to Kepler's photometric pass band and an alternated arrival rate of photons. In a single-lined binary (SB1), a net increase or decrease would be observed if the primary component moves toward or away from the observer, respectively. While this effect was predicted in 2003 [49, 50] , its existence could only be shown from high-quality photometry provided by the CoRoT and Kepler space missions for binary systems with large radial-velocity amplitudes [e.g. 51]. Due to the combination of the red-biased spectral energy distribution of red-giants and the pass band of Kepler, Doppler beaming should also be observable for binaries with redgiant components. In particular, for the low-luminosity red-giant star KIC 5006817, models suggest that the net amplitude of this effect over the full orbital cycle should be about 300 ppm [32] . Therefore, this effect is influencing the light curve and needs to be taken into account for its modelling. However, finding a small effect in binaries with periods compatible or longer than the length of a Kepler data quarter (90 days) is challenging, as it is nearly impossible to distinguish it from instrumental noise and therefore will be filtered out in the data calibration.
Ground-based spectroscopy
In addition to the photometric or seismic detection of binaries, the analysis of multiple star systems requires the combination of space photometry with high-resolution timeresolved spectroscopy. The most fundamental task of ground-based follow-up observations is to obtain an independent confirmation of the binary system itself. This is particularly important for systems where the contamination through neighbouring field stars or some combination of activity or instrumental systematic effects could mimic the signature of stellar binarity. Only periodic radial velocity (RV) variations can confirm such systems. Having all phases of the orbit well covered with observations further allows to derive the orbital elements. Although it is in principle possible to derive all orbital parameters from the average light curve, it is beneficial, especially in case of non-eclipsing heartbeat stars, to narrow down the used parameters space by including the orbital parameters from spectroscopy. This is particularly true for ellipsoidal variables.
In the optimal case, a binary system is found to be a double-line binary. In such a system the stellar spectra of both components are moving in anti-phase to each other. The RV amplitudes of such systems provide directly the mass ratio. In addition, having the information on the inclination allows us to obtain the dynamical masses of the system [26] .
Furthermore, using all the spectra obtained to measure the RV of the system, allows to substantially increase the signal-to-noise (S/N) in the combined spectrum. Such spectrum can be used to perform a detailed spectroscopic analysis of one or both components of the system. Especially for SB2s', several methods have been developed to search and extract the individual stellar spectra from the composite spectrum, [e.g. TodCor or FDBinary; 52, 53, respectively]. Recent advances in the analysis techniques and data quality have pushed the limit for a positive detection below 1 percent of contribution of the secondary or even tertiary component to the total flux of the system [e.g. 54, 55] . Even the non-detection of the secondary is a valuable information, as it sets the upper limit for luminosity of the secondary [e.g. 32].
3 The red-giant/red-giant SP2 system KIC 9163796
In a previous study [32] , it was shown that KIC 9163796 is a non-eclipsing binary system, though it exhibits clear ellipsoidal flux modulation every 121.3 days during periastron (see Figure 3) . The analysis of radial velocities from ground-based spectroscopy of this system confirmed that KIC 9163796 is an eccentric binary system (e≃0.7). The primary component shows an oscillation power excess at about 160 µHz. A visual inspection of the cross- correlation profiles of the time series revealed that this system is an impressive case of an SB2 system [44] . The time series of the individual responses of the cross correlation of the stellar spectra with a red-giant template is depicted in Figure 2 . In this section, we are summarising the results of our study, dedicated to obtain a comprehensive and complete picture of KIC 9163796 [36] .
Long period flux modulation
A careful rereduction of the full available Kepler data set (Q0-Q17), as described in [56, 57] , reveals that this system exhibits strong flux modulations (see top panel of Figure 3) . Among the red-giant stars observed with Kepler, photometric rotational variability is found only for a small fraction of stars. In a very recent study, only ∼300 redgiant stars were found to exhibit surface modulation in the range of a few to several hundred days [58] . Applying optimised techniques [59, 60] to the light curve of this system, such as the wavelet analysis depicted in Figure 4 , we find the period of the modulation to be ∼130 d. The photometric period, likely originating from stellar rotation of the primary component is close to the orbital period of ∼120 d. By comparing with values of solar and anti-solar differentially surface rotation reported in the literature [e.g. 61, 62] we cannot reproduce this discrepancy of 10 d. Therefore, rotation of the primary component and the orbital motion are currently not synchronised. One might speculate that the system was in a synchronised state on the main sequence, but the rapid changes of the stellar structure and radius in particular could have lifted this state or that the period of the system is to long and the system too wide to reach a perfect synchronisation (see [63] for a detailed discussion of the tidal evolution of binaries containing red-giant stars).
Spectroscopic study & fundamental parameters
Since the identification of KIC 9163796 as a binary, this system was monitored with the Hermes spectrograph [64, 65] , mounted to the 1.2 m Mercator telescope on La Palma, Canary islands in 2013 [32] and 2015 [40] . The cross-correlation response function of the individual spectra, depicted in Figure 2 , show that this system is an SB2 with strong contributions of both components. For this analysis of the SB2 feature, we applied spectral disentangling in the Fourier domain [66] with the FDBinary code [53] to search for the optimal set of orbital elements. Experience has shown that the best region in the spectrum to derive a consistent orbital solution is located at 520 nm. This range includes many prominent absorption lines and enough regions to determine the pseudo continuum which is crucial for the normalisation of the spectra. Because the signature of the secondary is clearly visible in the spectrum, the initial set of parameters is straightforward to define and the orbital period is well defined from the analysis of the Kepler light curve. For details of the full spectral disentangling we refer the reader to [40] . The RV semi amplitudes are K 1 = 35.25±0.12 km/s and K 2 = 35.77±0.13 km/s for the primary and secondary, respectively. These radial velocity amplitudes translate into a mass ratio, q = M 1 /M 2 = 1.015±0.005. Therefore, the SB2-nature of this system allows us to measure mass ratio between the two components much more precisely than what could be achieved through seismology. The cross-correlation response functions of the individual spectra ( Figure 2) show that average-absorption line profiles of the primary and secondary components are equal in hight in the composite spectrum. This indicates that the primary contributes substantially more flux to the integrated brightness of the system than the secondary. This indicates that the fundamental parameters of both stars are quite different for these stars with a mass ratio close to unity.
The final orbital solution was used to extract a 20 nm wide spectral segment around the H β line as well as the Mg i triplet which were subsequently used to derive the spectroscopic analysis with the Grid Search in Stellar Parameters (gssp 1 ) software package by [67] . In such an analysis the contribution of both components to the total flux need to be taken into account and correctly normalised to the individual continuum flux. Although the mass ratio derived from the solution of spectral disentangling indicates that the masses of the two stars is very similar the spectroscopic analysis finds that both components differ substantially in terms of the effective temperature with a difference of 600 K. Consequently, the primary is substantially more luminous than the secondary and contributes to ∼60% of the total flux. The spectroscopic analysis shows that both components share the same value of the stellar metallicity, [M/H] ≃ −0.37 dex, which is coherent with the fact that both stars were born in the same cloud.
The main difference between the two components, besides the effective temperature was found in the abundance of lithium (Li). The orbital solution was used to extract a 5 nm wide segment around the lithium resonance doublet at 670.78 nm. While the primary component shows 1.3 dex, the secondary exhibits a stronger lithium line, leading to 2.6 dex.
Asteroseismic analysis of KIC 9163796
From the preceding study of this system it was known that the oscillation amplitude of the system is very small. The power spectral density (PSD) is shown in the bottom panels of Figure 3 . In the light of the spectroscopic results this is now easy to understand due to the effects of photometric dilution [e.g. 47] . Further challenges for the analysis of the PSD are introduced by the regular gaps, originating from on-board manoeuvres of the Kepler satellite which complicate the spectral-window function [56, 57] . The effect is depicted through the difference of the original and inpainted Kepler data as red and black curves, respectively in the bottom panels of Figure 3 . These alias frequencies are dominating the high-frequency regime of the PSD and if not corrected for, the low-amplitude oscillation signal is hidden by the window function. Such alias frequencies are reduced by applying inpainting techniques described in [56, 57] .
Following the standard approach of fitting several components seen in the PSD of a red giant, (for a summary we refer the reader to [3, 70] ), we obtain the normalised PSD of KIC 9163796 shown in the top spectrum of Figure 5 . From scaling relations [e.g. 3, 5], we find an estimate of mass and radius of 1.4 M ⊙ and 5.4 R ⊙ , respectively.
The unambiguous identification of the excited nonradial modes was found to be challenging due to the low S/N in the spectrum. In the case of the binary KIC 9246715 [39] , two overlapping power excesses were found, further complicating the PSD. For that particular binary, both components are found to be located in the secondary clump and therefore are already in the stable phase of helium core-burning. The frequency of the power excess and the period spacing of consecutive dipole modes [8, 68, 69] indicate that the more massive primary of KIC 9163796 is a low-luminosity red-giant star in the hydrogen-shell burning phase. In this phase, at the bottom of the red-giant branch, changes of the radius and luminosity are happening on much shorter time scales and there- fore, we expected the power excesses of the two stars to be well separated. To be sure that all peaks belong only to the primary component and to guide the eye for the mode identification, the PSD of a single red-giant star is shown. This comparison of KIC 9163796 to KIC 4586817, depicted in Figure 5 , shows a very good resemblance and was guiding the eye in the initial mode identification. From the mass ratio between the two components and the fundamental parameters of the secondary of this system, it is expected that also the less massive star should be found to oscillate. However, the secondary power excess would be hard to detect due to small amplitudes and the effects of photometric dilution. Based on the Bayesian evidence we find that a model with two Gaussian components significantly better fits the observed PSD than a model with only one Gaussian. The second power excess is located at ∼215 µHz. This value is in qualitative good agreement with the estimated position of the secondary power excess, if scaled from the output parameters of the spectral disentangling analysis. Unfortunately, the mode visibility of the secondary is too low to determine a reliable estimate for the large frequency separation ∆ν.
The PSD of KIC 9163796 also shows the rotational splitting of dipole mixed modes (see Figure 5 ). By using the Diamonds (high-DImensional And multi-MOdal NesteD Sampling) code [71] , precise frequency values of these non-radial modes were extracted and the rotational splitting computed. Following the standard forwardmodelling approach of using a two-zone model of assuming a rigidly rotating core and envelope, we used a representative model, calculated with the Yale Stelar Evolution Code, YREC [72, 73] . The rotation rates of both zones was optimised until a good agreement with the set of measured rotational splittings was reached. The seismic result is a surface rotation period of 81 nHz, which is in good agreement with the main period of the surface brightness modulation of 79 nHz. In the primary of this system the core rotates about 6.9 times faster than the surface. This is in the lower range of observed rotational gradients between the core and the envelope of 10-30 times [12, 14, 15, 17, 74], but not exceptionally low. This differs from the quasi-rigid rotation, which was found in red giants, located in the secondary clump [16] .
Stellar activity
The light curve, depicted in Figure 3 , indicates that at least one star must show strong stellar activity. The existing observational material allows us to estimate the stellar activity in two different ways. The classical way of measuring activity is the S-index, quantifying the emission line at the core of the Ca H&K lines in the near Ultra-Violet. The spectra of KIC 9163796 show a very strong emission, compared to other red giants and solar-analogues, observed with the Hermes spectrograph [32, 55, [78] [79] [80] . However, it is very challenging to extract a reliable Sindex for a star in a SB2 system with a bright secondary component.
Another proxy is the linewidth of the oscillation modes. Several studies have presented indications that stellar activity also reduces the amplitudes of solar-like oscillations and increases the damping [e.g. 31, [75] [76] [77] . Because the full width at half maximum is independent of photometric dilution through the other stellar component, it can be directly compared to measured mode in other stars. Using the sample of [81] as a benchmark, we see that the full width at half maximum of dipole modes in KIC 9163796 is about four times broader than those in normal active stars on average. This can only be explained through strong mode damping.
Stellar modelling
KIC 9163796 provides a set of stars, well constrained through photometry, spectroscopy, and seismology. Therefore, this binary system is a rewarding target for modelling.
Both components were modelled with the starevol [82, 83] . The first result is that the difference in fundamental parameters is in agreement with the position of the primary and secondary being in the late and early phase of the first dredge-up event (FDU) at the bottom of the red-giant branch as illustrated in Figure 6 . Therefore, both components are framing one of the most important events on internal mixing in stellar evolution.
In a second step, these models were used to calculate and compare the lithium abundance with various scenarios of rotational histories. The best agreement was found with a (quasi) rigidly rotating progenitor. This is in agreement with findings of modern asteroseismology [e.g. 84, 85] 
Conclusions
KIC 9163796 is an intriguing binary system. Through a multi-technique approach we arrived to the conclusion that both the primary and secondary are oscillating and are located in the late and early phase of first dredge-up event. This is astonishing, because both stars have a very similar mass. Therefore, this system is an impressive example of the how sensitive is the stellar evolution to small differences in mass. An extensive discussion of the results is provided in the main paper [40] . 
